In this paper, the SERS analysis technique for extracting principal components of non-structural protein 1 from its spectra is examined. The non-structural protein 1 is found a major role in the replication process of virus of flaviviridae, the cause for many viral diseases. SERS is a technique that can provide fingerprint spectral information of even a single molecule. However, the Raman spectra from SERS complicate the feature extraction process with redundant features. Principal Component Analysis is a signal processing technique, useful for filtering for the significant features while filtering off the redundant ones with minimal loss of information. Here, PCA adopting a 3-steps approach, i.e. Eigenvalue-One-Criterion, Scree test and Cumulative Percent Variance, is used to select significant principal components of NS1 from Raman spectra. It is found that principal components of NS1 from its spectra of [900x10] from SERS is found being trimmed to [9x10] by Scree test supplemented by EOC and [2x10] by CPV, with a corresponding reduction of 99% and 99.8% from the original spectral array. However, since the spectra of biological samples in actual is noisier, selection by the former of first nine components is found appropriate. So far, SERS analysis technique for detection of salivary NS1 has yet to be reported.
Introduction
Surface Enhanced Raman Spectroscopy (SERS) is an enhanced form of Raman spectroscopy that can provide signature spectrum, unique of each molecule, through adsorption or interaction with metal particles, usually nano-scale featured gold or silver surfaces, gold or silver colloid [1] . As such, the Raman spectra obtained from SERS technique can be used as fingerprints for chemical and biological systems [2] , especially to provide information on the molecular structure of such samples [3] .
SERS surmounts the shortcoming of feeble signal produced by Raman spectroscopy with electromagnetic and chemical enhancement mechanism that amplifies the signal intensity up to a minimum of 104. In addition, SERS inherits the advantages of Raman spectroscopy: (i) minimal amount of sample is required; (ii) preparation for spectroscopy is minimal; (iii) analysis is simple and fast; (iv) test is non-destructive and easily reproducible [1] . As a consequence, it is fast gaining popularity amongst biomedical researchers to make attempt of the technique on detection of disease such as head cancer [4] [5] , lung cancer [6] [7] , skin diseases [3] , breast cancer [8] , colon cancer, rectum cancer [9] and acquired immune deficiency syndrome (AIDS) [10] .
Previous works on the use of SERS to produce Raman spectra of disease causing agents, worked with infected samples from cell, blood and body fluid such as urine, plasma, saliva and tears, to detect biochemical anomalies [5] [6] [10] [11] . However, the Raman spectra obtained from these biological samples usually display a multitude of peaks, owing to the presence of a mixture of proteins, nucleic acids, lipids and enzymes in the samples. There is thus a necessity for a technique to extract only peaks representing the disease causing agent.
Principal Component Analysis (PCA) is a tool to identify pattern in high dimension data, such as spectra. Once a pattern is found, the original spectra with a large amount of data can be transformed into fewer new variants, without much loss of information. This is accomplished by reducing the redundancy and minimizing the noise. This technique has been proven successful with SERS analysis of enzyme. The first two principal components alone have contributed up to 98% of the total variation rate of spectra. In other words, the first two principal components alone carry 98% information of the original spectra [12] .
Virus of Flaviviridae (genus Flavivirus) is found to be the cause for viral diseases such as dengue fever, Japanese encephalitis, Murray Valley encephalitis, Tickborne encephalitis, West Nile encephalitis and Yellow fever. Flavivirus genome is a single strand of ribonucleic acid (RNA). It consists of 3 structural proteins and 7 nonstructural proteins [13] . Of the non-structural proteins, NS1 protein is recently adopted as a new marker for these flavivirus causing viral diseases. NS1 is a 46kDa dimeric N-glycosylated glycosyl-phosphatidylinositol (GPI) anchored protein. It is believed to play a major role in the virus replication process [14] . Hence, it is useful if NS1 can be detected from serum or body fluid samples. In consideration of blood borne infection, body fluid of suspected patients is preferred to serum.
Thus our work here adopts a 3-steps approach, i.e. eigenvalue-one-criterion supplemented with Scree test and then cumulative percent variance, to select significant components from spectra data, in a mathematic and systematic way, to allow for better performance at lesser computation cost, effort and time. Since the presence of NS1 in the salivary sample is much scarce than that in the serum, SERS will be first used to produce Raman spectra of the salivary samples. Then, PCA is used to reduce the high dimension spectral features to only the significant ones. In the following section, theoretical background on PCA is first introduced. This is followed by application of PCA on the SERS spectra of the NS1 inflicted samples. Then, discussion on results is ensued to evaluate the performance of PCA in extracting NS1 from samples.
Principle Component Analysis

Principal Component Analysis Algorithm
Principal Component Analysis is a variable reduction technique. It is useful for filtering for the significant features while filtering off the redundant ones with minimal loss of information. Redundancy in parameters compounds the problem of feature extraction with insignificant features or features correlating with each other, thus resulting in unnecessarily large dimension of feature array.
With reference to Figure 1 , the Principal Component Analysis first transforms input feature data into an orthogonal space with orthogonal linear transformation. The outcome are orthogonal components known as principal components [15] . The principal components then are ordered in accordance to a variance value. Variance is a measure of variability in a sample distribution. It is defined as the average squared deviation of each sample from its mean as follows.
(1) The computation for percentage of variance is given in the following equations, = 100 * (2) Principal components with the largest variance are ranked first, while those with the least variation are ranked last. The final step eliminates principal components with the least contribution to variation in dataset. [16] [17] . In principle, the principal components are enough to account for the total variance in the observed variables.
Cost Function
In order to rank the significance of the principal components, cost functions are implemented. The following three cost functions are found commonly in use.
Eigenvalue -One -Criterion (EOC)
This criterion is also known as Kaiser criterion. In cases of components with eigenvalues equal or greater than one, the criterion retains them because they exhibit more variance. On the other hand, the criterion discards components with eigenvalues less than one, which has least variance [18] .
Cumulative percent of variance (CPV)
This criterion retains components of which their CPV account for a designated threshold or higher. The threshold varies from case to case, although the following percentages have been suggested. In the case of waste water treatment, the CPV needs to measure 90% or more [19] . In the case of breast cancer, the accepted range of percentage for CPV is 80% and above [20] 
Scree test
Scree test must be used in conjunction with criterion in (1) 
Methodology
The methodology here entails two stages of investigation, spectral acquisition and principal components selection. The spectra of NS1 are acquired with Perkin Elmer Raman Station 400F while the significant features were selected with Principal Component Analysis, which is developed in Matlab 7.12.0 (R2011a).
Surface Enhanced Raman Spectroscopy of NS1
Experimental samples used for this study are nonstructural glycoprotein 1 (NS1), from Abcam of England. The protein is used as received. It is in liquid form with 90% purity and concentration of 100 mg/ml.
In the first stage of our work, 2µL of NS1 was deposited on a quartz slide using micropipette and left dried in a desiccator under room temperature. Then Raman analysis is carried out as soon as the sample is dried. After that, spectra of NS1 diluted by phosphate buffered saline in different constituents are prepared. Raman analysis is performed using a Perkin Elmer Raman Station 400F together with the SpectrumTM software. The Raman station has a 785nm near-infrared diode laser source. Raman scattering signals are detected by a 1024×256 pixels CCD array detector. The instrument is set to 10% power (10mW), exposure time of 5 seconds, 3 x 3 mapping measurement, baseline correction and cosmic ray removal modes are enabled. For each sample at different constituent, spectral analysis is performed at ten different spots.
Principal Component Analysis
In the second stage of our work, the SERS spectral of NS1 samples are examined with PCA, of which algorithm is illustrated in Figure 1 . Principal Component Analysis is conducted on the spectral array of [900x10] to eliminating redundancy.
Firstly, the EOC are performed to calculate the eigenvalues for each spectral coefficient. After filtering through the EOC, spectral coefficients with eigenvalues that are greater than one are retained. The relationship between principal components and eigenvalues are then plotted. From Scree test, principal components of the spectra were selected with respect to their eigenvalues. Spectral coefficients that have smaller eigenvalues are removed as their presence is insignificant. Finally, in order to confirm the principal components obtained from the Scree test, analysis with cumulative percent of variance is then carried out.
Results and Discussion
SERS Spectral of NS1
The following shows the spectra of NS1 at 10ppm (Figure 3a) and 1000ppm (Figure 3b ) obtained from SERS. This has been the first SERS spectra on NS1. The spectral has a length of 900 coefficients. A distinctive peak related to Benzene ring structure that signatures traces of NS1 can be observed at Raman shift of 1004cm -1 (10ppm) and 1012cm -1 (1000ppm). In comparison, the spectra at 1000ppm of NS1 display less noisy data.
Selection of Principal Components
The result after applying PCA shows trimming of the input feature vector. Firstly, EOC is used to select principal components of NS1 from spectra according to their eigenvalues. Then Scree test is applied to verify the ranking based on the gap between neighbouring components. Finally, CPV analysis is performed to determine the principal components of NS1 from their Raman spectra based on their cumulative variance. Further consideration is then given to draw conclusion on one of the selection.. Table 1 shows eigenvalues for the principal components. It can be observed that eigenvalues for the first few components account for the variance. This is in consistence with theory in Section II that the first few components usually make up the major contribution to the variance. The total number of eigenvalues is the same as the total number of spectral coefficients, i.e. 10 and the total of proportion is equal to 1. Table 1 shows eigenvalues for the principal components for NS1 at 1000ppm. The eigenvalue for principal component 1 to 9 are found to be greater than 1. Based on EOC, these coefficients are significant and should be retained.
Eigenvalue-One-Criterion
It can also be observed that eigenvalues for the first few components account for the variance. This is in consistence with theory in Section II that the first few components usually make up the major contribution to the variance. The total number of eigenvalues is the same as the total number of spectral coefficients, i.e. 10 and the total of proportion is equal to 1. Table 1 Principle Component Analysis of SERS spectra of NS1 Figure 4 shows the plot of eigenvalues against principal component for NS1 at 1000ppm. It can be observed that eigenvalue decreases as the principal component is ranked from high to low. The NS1 spectrum is found to exhibit a relatively large difference in eigenvalues between the 1 st and 3 rd coefficients. From the 4 th coefficient to the 900 th coefficient, the gap between eigenvalues is null, which is illustrated clearly in Figure 5 . These coefficients can be regarded as trivial and discarded.
Scree test
Results from Scree test supplemented by EOC suggest that principal components 1 to 9 should be retained while the rest to be ignored. The result after applying PCA with the two criteria shows the feature vector has been trimmed to [9x10] , instead of the original [900x10]. This implies a reduction of 99% from the original feature vector and an elimination of 99% of redundant features.
Cumulative Percent of Variance
Results from CPV as depicted in Table 2 suggests that only principal components 1 to 2 are enough to pick up traces of NS1 from Raman spectra. The result after applying PCA with CPV shows the feature vector has been trimmed to [2x10], instead of the original [900x10]. This implies a reduction of 99.8% from the original feature vector and an elimination of 99.8% of redundant features.
In view of computation cost, effort and time, selection of principal components by CPV is preferred. However, the selestion of principal components by EOCScree test is found more reliable, considering that the actual biological samples may contain NS1 in less concentration, exhibiting noisier spectra as in Figure 3( 
Conclusion
The analysis of SERS spectra of NS1 has been described in this paper. Inferring from results of Eigenvalue-One-Criterion supplemented by Scree test and Cumulative Percent of Variance, the spectral array of [900x10] from SERS is found being trimmed to [9x10] by the former method and [2x10] by the latter, with a corresponding reduction of 99% and 99.8% from the original array. In view of spectra of actual biological samples which embody more noise, principal component 1 to 9 selected by the Eigenvalue-One-Criterion supplemented by Scree test is found more appropriate, without much sacrifice in terms of computation time, cost and effort for post-processing. Finding from our work will contribute to automation for detection of antigen NS1 from flavivirus infected samples. So far, SERS analysis technique for detection of salivary NS1 has never been reported. 
